MopaenupoBaHue Te4yen U3 NepBOro KOHTypa BO BTOPOM B
peakTopHbIX yCTaHOBKaxX ¢ peaktopamu tuna BB3P-440 c
ucnosnb3oBaHnem pacyetHoro koga RELAP5/MOD3.2.

B. BopuceHko, U. KageHko, A. KpywmnHckuu, B. Mykoupg

[aHHasa paboTa nocesileHa Banuaaummn pacdeTtHoro koga RELAP5/MOD3.2
C TOYKM 3peHUs BO3MOXHOCTM €ro WCMosfb30BaHUs ONa  pacyeTta
Tennorngpasnnyecknx npoLeccoB B peakTOpPHbIX YCTaHOBKaX C peakTtopamu
Tmna BB3P. C nomoulbio cneunansHO pa3paboTaHHOW LecTUneTneBoun
RELAP-mogenun onsa peakrtopa tuna BBOP-440 BbINnonHEHO ModennpoBaHue
nepexofHoro npouecca, peasibHO WMEBLUEro MecTo Mpu  akcnnyarayum
9Heprobrioka 1 oOyCNOBMEHHOrO HanmMuMeM Teun U3 NepBOro KOHTypa BO
BTOPOW. [NpuBeneHsbI pesynbTaThl CpaBHEHUS pacyeTHbIX n

IKCnepmMeHTarbHbIX AaHHbIX.
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1. NPEOBLICTOPUA NEPEXOAHOI'O NPOLIECCA

OHeprobniok Ne1 PoeHckon ADC MNPOEKTHOW 3MNEeKTPUYECKOW MOLLIHOCTbHO
440 MBT cC peaktopHom yctaHoBkon BBOP-440 BBemeH B [feuncTteue
22.12.1980 r. n B nepnog no 22.01.1982 r. pabotan Ha pasnunyHbIX YPOBHAX
MOLLIHOCTH, BKIItoMad MakcumarbHO paspeLleHHyo — 90% OT HOMUHAaNbHOWN.
B 1 yac 23 muHyTbl 22.01.1982 r. no npuymHe obectoumBaHua [MHYA
npousowno nageHne kaccetbl APK (09-28) ¢ npoekTtHoun ckopocTbio 20-30
cm/c. INpu aTOM MOLHOCTL peakTopa cHusunack ot 90% no 73%. B 1 vac 27
MUHYT KacceTa Oblna B3BeAeHa, Nocrie Yero MowHOCTb 3a 5 MUMHYT Bo3pocna
00 82%.

B 1 yac 32 MuHyTbl (BpeMs Hadana asapuu) HayarioCcb pPe3Koe CHUXeHue
AaBreHNs MNepBOro KOHTypa W YPOBHS TEMSIOHOCUTENS B KOMMeHcaTope
AaBrieHUs, Bbl3BaHHOE pasrepmMeTmsaumen nepBoro KOHTypa BCNeacTeue
OTpbIBa KPbILLKN ropsyero konnekropa naporeHepatopa Neb.

Ha MoMeHT Havyana aBapuu TenroBas Harpyska peaktopa bbina pasHa 1100
MBT (82% OT HOMUHanNbLHON) NPy CyMMapHOW 3NEKTPUYECKOW Harpyske OBYyX
TypboreHepatopoB 365 MBT. bnok Haxogunca B npouecce nogbema
MOLLHOCTU A0 HOMWHaNbHOro ypoBHA 90% C pernameHTHOW CKOpOCTbio 2%
HOMMHaNbHON MOLLHOCTN B MUHYTY. B paboTe Haxoamnuch LWeECTb rMaBHbIX
UMPKYISLMOHHBIX  MNeTeNlb  NepBOro  KOHTypa C  obwmm  pacxogom
TennoHocuTens 4epes akTuBHylo 30Hy 40500 M° /yuac ¥ nogorpeBom
TennoHocutens B peaktope 26.5°C. Cucrtembl 6e3onacHocT PY, Bkntovas
CUCTEMY aBapUMHOIO OXNaXKOeHUs1 aKTUBHOWM 30HbI, HAXO4WUIUCb B COCTOSIHUN

OoXngaHma corjiacHo rnpoekKTa.



2. AH®OPMALWUA O NEPEXOOHOM NMPOLIECCE

NMHdopmauma PoseHckon ADC o nepexodHOM rnpoLlecce, KoTtopas MOXET

ObITb UCNOMNb30BaHa aAns aHanuaa CTaH,EI,apTHOIZ I'IpO6J'IeMbIZ

KpaTkoe onucaHue npeabiCToOpum NepexoaHoro npouecca;

[MapameTpbl (U3NYECKMX NpoLEeCcCoB, 3aAO0KYMEHTUPOBaAHHblE B BuUAE
HenpepbIBHbIX 3anMcen Ha KoopAuHaTHOMW OGymare C  MOMOLLbIO
camonucLeB U NpeacTaBleHHbIe B 3NIEKTPOHHOM BUAE;

NHdpopmauma o paboTte OCHOBHOro TexHonormyeckoro obopyanoBaHus
NepBOro M BTOPOro KOHTYPOB (B XPOHOSIOrMYECKon NocrneaoBaTenibHOCTH);
NHdpopmauma o pabote cuctem 6e3onacHOCTM (B XPOHOSOrMYecKom
nocnegoBaTenbHOCTW);

MHdbopmauma o pencteusix o6CnyxuBaloLero mnepcoHana CTaHuuu,
HanpaBneHHbIX Ha JMKBMOAUMIO  aBapum (B XPOHOSOMMYECKOM
nocnenoBaTenbHOCTN);

MeTponornyeckne XxapakTepuUCTUKM M3MEPEHHbIX MapaMeTpoB (LLKanbl
N3MEPEHNN PUINYECKUX BESIMYMH M HOPMblI TOYHOCTU W3MEPEHUN,

pernctpupyemoix YBC).

YkasaHHas Bbille MHpopMaumsa npeaHasHayeHa:

ANS 3aaHus HavamnbHbIX W FPaHUYHbLIX YCNOBUK MPU MOLENMPOBAHUM
AaHHOro nepexoaHoro npotecca ¢ nomosio mogenu RELAP;

AN BbINOSIHEHUA CPaBHUTESILHOrO aHanu3a pes3ynbTaTtoB pacyeTa,
KoTopble OyayT nosiydeHbl MNyTEM MOAENMPOBaAHUA, W pe3yribTaToB
N3MepeHnin napameTpoB MNepexoaHOro npolecca C MOMOLLbK LTaTHbIX

CpeacTB U3MepeHnsa n pernctpaumm napameTpoB aHeprobnoka Ne1PASC.



3. XPOHOJIOTMYECKASA NOCNEOOBATENbHOCTb COEbITUA
NEPEXOAOHOIO NMPOLIECCA.

Bpewms,

OnucaHue coobITUA

MpumeyaHue
Yy:M:C (Pabota ob6opyaoBaHus)

0:00:00 | Hayano Teuun n3 nepBoro KOHTypa Bo | Pasrepmetusauyms
BTOPOW 3KBUBANEHTHbIM ANaMeTPOM ‘ropsivero”

107 MM konnekrtopa [1I-5

0:00:12 | A3-1 P.«< 95 Kkrc/cm?

0:00:30 | Beoa B oencteue Tpex kaHanos CAO3
BL.

0:00:30 | CurHan Ha 3akpbiTne CKTI -2 [lenctBunsa oneparopa

0:00:50 | Curnan Ha 3akpbiTne CKTI-1 [enctensa oneparopa

NPU CHWXKEHUN P C
47 no 42 krc/cm?

0:01:00 | Hayano nogayu ot N'E-1(2,3) P.«< 60 krc/cm?

0:06 Hauano nogayn HBI1-3 B netnto Ne6 [lencrtena onepartopa.
(G=50 m*4)

0:13 Otkntodenune NUH-5. 3akpbitne '33-5 | [lencTBus oneparopa.

0:15 [NogkntoyeHue 'E-4 [lencTtena oneparopa.

0:30 OtknoveHmne INLUH-3. 3akpbiTne 33-3 | [lencTBus onepartopa

(n3-3a pocTa ypoBHs B
r-3).

0:39 Hayarno te4n ropsiyero Kosnnekropa N3meHeHune P, o1 105
Mr-1 1o 40 krc/cm?

0:40 OTkntoveHune I'LUH-1. [enctBna onepartopa.
3akpbiTne '33-1"xonogHon” n Habniopgaetcs
’ropsaven’ netenb HennoTHocTb 33

0:45 CpabartbiBanue MK Mr-1 Pr>56.7 krc/cm?

0:50 OTkntoveHune I'LUH-4. [enctBnsa oneparopa
3akpbiTne '33-4 “xonoaHon” n (n3-3a
ropsven’ netenb HEeCOOTBETCTBUA

NoANMUTKA N YPOBHS B
r-4).

0:59 ... | CpabatbiBaHue MK Mr-3,4,5 Pr>56.7 krc/cm?

1:10

1:05 OTkntoyenune NH-2,6 [MpnynHa He

yCTaHoBJIEHA

1:33 BkntoveHwne ['LIH-6 [lencTema onepartopa.

2:06 BkntoveHne 'LIH-2 [encTtBusa onepatopa.

4:20 BPY-K B pexum “PacxonaxumsaHue” [enctBna onepartopa.

no wratHom cxeme yepes -2 n Mr-6




3apeructpupoBaHHble YBC  napameTpbl  pu3MYecKMx  NpPOLIECCOB,

XapakTepuayoLiue npoTekaHne nepexodHoro npouecca PY, cocrasnsaiooT

4. MNAPAMETPbI, BAPETUCTPUPOBAHHbIE YBC

OCHOBY AJ14 BbINOSIHEHNA Banuaaunm pacdeTHoro koga RELAPS.

Peructpauns nsmepsieMbix napameTpoB B TeYEHWe MepexoaHoro npouecca
Obina peanu3oBaHa B BWAE HEMPEPbIBHbIX 3anvceit Ha KoopauHaTHOM
Oymare c nomollbio camonucueB. Bce, ncnonb3yemble AN Banuaauuu,

M3MEPEHHbIE MapaMeTpbl Obinn npeancrtaBlieHbl B 3J1IEKTPOHHOM BWOE B

KayecTBe oTaeNbHbIX harnos npunoxeruns EXCEL.

OTcuet BpeMeHN BeaeTcA OT MOMEeHTa Hadalla Tedu TEeNnOoHOCUTENA U3

nepBOro KOHTypa BO BTOpPOM BCMeAcTBME pasrepMeTusauumn “ropsiyero’

konnekrtopa [1I-5.

Cnucok napameTpoB nepexoaHoro npouecca aHeprobnoka Ne1 PASC ans

Banuaauum pacyeTtHoro koga RELAPS.

Ne HanmeHoBaHue napameTpa
MepBbIN KOHTYP
1. HenTpoHHbLIN NoToK (Mo nokasaHuam LK)
2. HenTpoHHbIN NOTOK A0 HaYana asapun (no nokasaHnam MK)
3. IlaBneHne B 1 KOHTYpe
4, CpepgHsasa Temneparypa TenyIOHOCUTENS B MEPBOM KOHTYpe
5. Temnepartypa netnun Ne1 (“ropsiyas HUTKa”)
6. Temnepartypa netnun Ne1 (“xonogHasa HUTKa”)
/. Temnepatypa netnu Ne2 (“ropadad HUTKa”)
8. Temnepatypa netnv Ne2 (“xonogHasa HUTKa")
9. Temnepartypa netnun Ne3 (“ropsiyas HUTKa”)
10. | Temnepartypa netnu Ne3d (“xonogHast HUTKa)
11. | Temnepatypa netnv Ne4 (“ropsavasa HuTKa”)
12 | Temnepartypa netnu Ned (“xonogHas HUTKa™)
13. | Temnepatypa netnu Ne5 (“ropayasa HUTKa”)
14. | Temnepatypa netnu Ne5 (“xonogHag HuTKa™)




Ne HanmeHoBaHue napameTpa
15. | Temnepatypa netnu Ne6 (“ropavasa HUTKa”)
16. | Temnepatypa netnu Ne6 (“xonogHag HUTKa™)
17. | YpoBeHb B K1 (ypoBHemep ¢ 6ason 10 m)

18. | YpoBeHb B K1 (ypoBHemep ¢ 6ason 6,3m)

19 [lepenan naBneHnsa Ha peakrtope

2. Hanop N H-2

2. Hanop NH-3

22 | Hanop N'iH-4

23, Hanop NH-5

24, Hanop NL|H-6

2. | Temnepatypa kopnyca K[1 (napoBasi, napoBoasiHas U BOAsSHas
4yacTtn)

2. | TemnepaTtypa Koprnyca peakrtopa (Hapy>XHas NOBEPXHOCTb)

BTopoun KOHTYp

1. [aBsneHue napa B ['[-1

2. [laBnenue napa B -2

3. [aenenue napa B -3

4, [asneHne napa B 1I-5

d. [asneHne napa B [1-6

0. Hasnenue B [TIK

/. YpoBeHb KoTrnoBown Bogbl B [11M-1

8. YpoBeHb KoTrnosoun Boabl B [1-2

9. YpoBeHb kKoTnoson Boabl B [1M-3

10. YpoBeHb kKoTnoson Boabl B [11-4

11. | YpoBeHb koTnioson Bogbl B -5

12 | YpoBeHb koTnioson Boabl B [1-6




5. RELAP-MO[EJIb 3HEPIOBJIOKA Ne1 PAJC

LLlectunetneBasa pacyetHaa mogenb PY asHeprobnoka Ne1 PoeHckon ASC

paspaboTaHa Ha 6ase uMmeloLleinca TpexneTneBoli TennoruapaBnnyeckon

mogenn RELAPS peaktopHoun yctaHoBkn BBOP-440/213.

Pa3pa60TKa MoJeJIN BKIMKoYaeT crneayroLimne atarbl:

PaspaboTka Hogann3aunoHHOM CXeMbl;
PaspaboTka OnucaHus Habopa ncxogHbix AgaHHbIX (Handbook);
PaspaboTtka Habopa ncxogHblx gaHHbix mogenu (Input Deck);

Bepudukaumsa n sanugauuns pac4eTHOM MOOENN;

OCHOBHbIE KOMIMOHEHTLI, KOTopble TpeboBann aopaboTkM MNpu co3maHum

LLeCTUNeTNIEBOU TeNnoruapaBnmyeckon pacyeTHon Mmoaenu:.

[MepBbIn KOHTYP:
peakTop (B YacTtu coeauHeHuin 'LUT n Tpybonposogamu E);
rmaBHbIA LMPKYNSALUWMOHHBIA TpybonpoBos;
naporeHeparopbl;
rnaBHble LMPKYNSLUNOHHbIE HACOCHI.
BTopou KoHTYp:
naporeHepaTopbl;
naponpoBobl;
rmaBHbli NApoBOW Komnektop (B 4YacTm COedUHEHUA C
napornpoBogamu);
B3OK; I'M3; MK Ir.
OCHOBHbIE TEXHOSIOMMYECKUE CUCTEMbBI BTOPOIrO KOHTYpa:
cUcTemMa OCHOBHOW nuTaTesibHOM BOAbI;
cucTtema BCcnomMmoraTesfibHOW nuTaTenbHOn Boabl;
cuctemMa aBapuMnHOW NUTaTenibHOW BOAbI.
Cuctema aBapuMMHOIO OXMaXXOEHUS aKTUBHOW 30Hbl (B 4acTu
COEeQUHEHUN C NepBbIM KOHTYPOM).

KOHTpOJ'IbeIe CUCTEMDI.

10



[Mpoueccehl ona Banugaumnm pacveTtHoro koga RELAP5/MOD3.2

Ne cornacHo

Ne Onucatne USINSC/RINSC

1 | EcTecTBeHHas unpkynaumg 21
TEeNnoHOCUTENS B peakTope 1 NeTnsax

2 | Tennonepepnaya B I 35, 36

3 | Tepmorngpasnuka BToporo koHtypa NI 51

4 | ObLecucteMHble apdeKTbI 19

5 | lNepemewnBaHme n KoHAeHcaUMs Npu 3
Brpbicke Boabl 3 CAO3

6 | YpoBeHb napoBoasiHon cmecu B [0 26

11



HeonpeaneneHHOCTU AaHHbIX.

HeonpegoeneHHOCTM  OaHHbIX MO peanu3auuMM  aBTOMaTUYEeCKMX
61OKMPOBOK AN1s paboTbl TEXHONOMMYECKOro 06opyaoBaHUS:

» CKTTI (3aKkpblTve onepaTtopom);

» [33 (3aKkpbITve onepaTopom);

= B30K;

= [LH.
HeonpegeneHHOCTU AaHHbIX O BENIMYMHE OTKPLITUS KPbILLEK KOSNEKTOPOB
r.

HeonpeneneHHOCTM AaHHbIX O BENMYMHe npoTedek ['33.

12



Power (%)

Pressure (bar)

Primary to secondary leak

Primary side pressure

140.0

calculation

------- measured

120.0

100.0

ees.
P

80.0

60.0 \

20.0

0.0
0.0 1000.0 2000.0 3000.0

4000.0 5000.0 6000.0
Time (s)

Reactor power
100.0

calculation
------- measured
90.0

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0
0.0 1.0 2.0 3.0 4.0 5.0

6.0 7.0 8.0 9.0 10.0



Level (m)

Level (m)

Pressuriser level

Calculation
8.0

calculation

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0
0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0

Time (s)

Measure
8.0

measured

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0
Time (s)



SG1 level
SG5 level

eeceeee SG3 level

Calculation

Steam generator levels
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Steam generator levels

Calculation

SG2 level
eeceeee SG4 level

SG6 level
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1.0

500.0 1000.0 1500.0 2000.0 2500.0 3000.0 3500.0 4000.0
Time (s)
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Steam generator pressure

Calculation

60.0

— Sg—l
-

sg-5

55.0

50.0

Q
1)
<

(req) ainssald

35.0

30.0

25.0

20.0

2000.0 3000.0 4000.0 5000.0 6000.0
Time (s)

1000.0

0.0

Measure

60.0
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ecccces 39—3

55.0

(req) ainssald
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2000.0 3000.0 4000.0 5000.0 6000.0
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0.0



Steam generator pressure

Calculation

60.0

— Sg—z
ceceeee 5g-4

sg-6

55.0

50.0

45.0

(req) ainssald

35.0

30.0

25.0

20.0

2000.0 3000.0 4000.0 5000.0 6000.0
Time (s)
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0.0

Measure

60.0
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Temperature ('C)

Temperature ('C)

300.0

280.0

eccssscces

260.0

240.0

220.0

200.0

180.0

160.0
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280.0
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Loopl cold and hot legs temperature
Calculation

— cold leg

1000.0 2000.0 3000.0 4000.0 5000.0 6000.0
Time (s)
Measure
— hot leg
------- cold leg

1000.0 2000.0 3000.0 4000.0 5000.0 6000.0
Time (s)



Temperature ('C)

Temperature ('C)

Loop2 cold and hot legs temperature

Calculation
300.0

— cold leg

250.0

200.0

150.0

100.0
0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0

Time (s)

Measure
300.0

— hot leg

o200\ [ cold leg

260.0
240.0
220.0

200.0

180.0

160.0

140.0
120.0

100.0
0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0

Time (s)



Temperature ('C)

Loop3 cold and hot legs temperature
Calculation
300.0

— cold leg

250.0

200.0
o
QN e aaee
= N e
& 150.0
()
Q.
€
(]
'_

100.0

50.0

0.0

0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0
Time (s)
Measure2
300.0
— hot leg
------- cold leg
250.0
200.0
150.0 it
e J

100.0 H
50.0
0.0

0.0 1000.0 2000.0 3000.0 4000.0

5000.0 6000.0
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Temperature ('C)

Temperature ('C)

Loop4 cold and hot legs temperature

Calculation
300.0

— cold leg

250.0

200.0

150.0

100.0
0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0

Time (s)

Measure
300.0

— hot leg

o200\ e cold leg

260.0
240.0
220.0
200.0

180.0

160.0 \

140.0

120.0

100.0
0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0

Time (s)



Temperature ('C)

Temperature ('C)

Loop5 cold and hot legs temperature

Calculation
300.0

— cold leg

cescecssces

250.0

200.0

150.0

100.0
0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0

Time (s)

Measure
300.0

— hot leg
------- cold leg

280.0

260.0

240.0

cecccssscesssccsas’

220.0

200.0

180.0
160.0
140.0
120.0

100.0
0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0

Time (s)



Temperature ('C)

Temperature ('C)

300.0

250.0

200.0

150.0

100.0
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0.0
0.0

300.0

0.0
0.0

1000.0

1000.0

L oop6 cold and hot legs temperature
Calculation

2000.0 3000.0 4000.0
Time (s)

Measure

— cold leg

5000.0

— hot leg
------- cold |eg

2000.0 3000.0 4000.0
Time (s)

5000.0

6000.0

6000.0



